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The present research work consists of three major sections; the first part is the 
synthesis of CNTs via water-assisted CCVD of methane CNTs, followed by the 
development of a surfactant-free method to synthesize two-phase anatase-rutile TiO2 
composites at 350 oC, and finally, the developed method was applied to fabricate 
anatase-rutile TiO2-CNTs composite for the photoreduction of CO2 with water. 
The findings in the first part showed that an introductory of a controlled amount 
water vapor into methane CCVD ambient increased the carbon yield and improved the 
morphology of as-grown CNT. It enhanced and prolonged the catalytic activity by 
selectively etched amorphous carbon coated on of active sites surface, thus 
decelerating the deactivation rate of catalyst. Furthermore, water induced oxidation 
etched away the amorphous carbon that adhered to CNT wall was etched away by 
water-induced oxidation. However, an excessive water vapor supply was found to 
suppress the methane conversion and lessening the carbon yield, which is due to the 
oxidation of active sites by excessive water vapor. Further experimental studies 
showed that an interruption of water vapor supply in water assisted methane CCVD 
provoked the formation of CNT with inner cap structure morphology. Moreover, the 
interruption of water vapor supply distorted the ordered graphitic layers of as-grown 
CNT. 
In the second part, a facile and surfactant-free method is developed to 
synthesize two-phase TiO2 composite at 350 oC. The obtained TiO2 composite consists 
of a phase-mixture of anatase and rutile. The phase transformation from anatase to 
rutile at 350 oC is attributed to the free O-O groups formed in peroxo-titanium complex. 
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Furthermore, the absorption edge of the obtained two-phase TiO2 composite is 
red-shifted compared with the single-phase anatase TiO2, with an estimated band gap 
value of 3.07 eV. Anatase-rutile TiO2 exhibited a higher photocatalytic activity on CO2 
reduction than single-phase anatase TiO2, and the photocatalytic performance of the 
as-produced anatase-rutile TiO2 is on a par with the commercial Aeroxide® P25 TiO2. 
The effect of Pt loading on the photocatalytic activity of the anatase-rutile TiO2 was 
investigated, where the 0.1 mass% of Pt loading exhibited the highest CO2 
photoreduction efficiency with selective CH4 formation. The total CH4 formed is ca. 
60-folds higher than the parent anatase-rutile TiO2 over a reaction duration of 3 h. The 
selective formation of CH4 is ascribed to the enriched electron density on Pt particles 
which favored the reduction of CO2 to CH4 via an eight-electron transfer process. 
Finally, the method developed in second part was applied to synthesize 
anatase-rutile TiO2-CNTs composites. An increase in the CNTs content led to a 
significant increase in light absorption in the visible range (>400 nm). Among the 
synthesized composites, composite with 5 mass% loading of CNTs demonstrated the 
best performance for the photocatalytic reduction of CO2. However, a further increase 
of CNT content decreased the yield of CO and CH4, which is attributed to the high 
content of CNT shield the TiO2 from absorbing UV light. A simple mixing of TiO2 
(P25 and T0C) with CNTs is not able to fabricate an effective TiO2-CNT composite for 
photoreduction of CO2 due to a phase detachment between TiO2 and CNTs.   
 
 
 
